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Motivation




JPL Problem and Approach
o

 Problem:

— Difficult to share software across systems

I — Different hardware/software infrastructure
— No standard protocols and APIs
— No flexible code base of robotic capabilities

e Approach
— Unified robotic framework
— Capture and integrate legacy algorithms
— Enable faster technology development
— Operate heterogeneous robots
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JP& v/arious Rovers Developed by JPL/NASA @
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Would like to support ...

COTS Systems

Axeld

Reconfigurable Robots
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Challenges 1n Interoperability

» Mechanisms and Sensors




[Locomotion
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JdPL Reusable Wheeled Locomotion Algorithms
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Pl Manipulators and Sensor Suites @
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Challenges 1n Interoperability

= Hardware Architecture




| VxWorks JL G2
JPL
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JRL Centralized Hardware Mapped Architecture

< 95 -

Video Switcher
I Serial

PC104+ IMU
x86 Arch

Framegrabbers

Digital I/O

Analog I/0

1 Wireless Ethemet
FldO PID Control in Software reless Eiheme

Potentiometers
Actuator/Encoders

S Y &

%

March 7, 2004 LAN. 14



JRPL And with a Simulated Rover
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Challenges 1n Interoperability

" Modular and Reusable Software Components




Resuable Software Challenges

Different applications have different requirements
for system level information

Develop an understanding of various technologies

Proper classification working with technology
providers

Integrate multiple such components

Map to different hardware architectures

Make trades and balance requirements

Avoid least common denominator - not acceptable
Match algorithmic requirement to generic system
Difficult to predict future algorithmic requirements
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Technical Approach




A Two-Layered Architecture

CLARAty = Coupled Layer Architecture for Robotic Autonomy

Functional Level access
through method calls at
level of object hierarchy
appropriate for goal
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THE DECISION LAYER:

Declarative model-based
Global planning

INTERFACE:
Access to various levels
Commanding and updates

THE FUNCTIONAL LAYER:
Object-oriented abstractions
Autonomous behavior

Basic system functionality

Adaptation to a system



General Planners Activity Database
(e.g. CASPER)

Executives

(e.g. TDL) Rover Models
FL Interface
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Navigation
Path Planning
Estimation
Transforms
Motion Control

Input/Output

March 7, 2004

The Functional Layer
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Manipulation Locomotion
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Math Sensor
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Architectural Traverse Example

Commanding and
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Architectural Traverse Example
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Ik CLARATty Abstractions

O ~

4
e Data Structure Components

— Array, Vector, Matrix, Map, Container, LinkedLi1st, Bit
— Image, Message, Resource

» Generic Physical Components (GPC)
— Device, Locomotor, Manipulator, Spectrometer

* Specialized Physical Components (SPC)
— K9 Locomotor, K9 Arm, R8 Mast, FW Camera

* Generic Functional Components (GFC)
— ObjectFinder, VisualNavigator, Stereovision, Localizer

« Specialized Functional Components (SFC)
— ARC Stereovision, JPL Visual Odometer
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Standardizing Base Abstractions

Abstractions APIs and Behaviors

Wheel Locomotor

CoordMotionSystem

-\[;Sh_icle_lntelrface & _interface
.. -DPoint _goa
_position: Vector -\dlouble _goqll_heading

State Machines \
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Off = -
_9 ) \\ ® \ )

=0
e Ny ® & b)
N, > ™ & B,Pconf&t gouble heading)
., ( kt DPoint.
|: evMotorO 5t DPoint& b, double heading)
Not_Moving MNot_Servaing I_velocity, const double angular
- - r_velocity, const double directic
Recavenng evEncoderChangjng N nce(const DPoint&a, const DPo
Wheeled_Locomotor evServoO evServoOff ncegconst DPoint&a, const DPo|
evEncoderldle
hresqo(;%)o)
— \ ent= .
Wheel evRecover rcent=100.0)
A D.0)
UM S i Servoin
Steerable Wheel Moving g
Fault -/
evEStop /
Runtime Models \<
Motor
Thread 1 (controls) Thread 2 (monitors)
motor.change position (2PI) I based on watchdog
v do other things v position = motor.get position())
k if (position > x) motor.stoy/

March 7, 2004 LAN. 25



mExample: collaborative development for locomotor ¥

/ / Version 1.0 \ / Version 2.0 \

* Generalized design for wheeled
locomotors

 Full and partially steerable vehicle

» Used generic motor classes

* Implements fixed axle model

* Developed continuous driving

\ / { Adapted to Rocky 8, Rocky 7, and Siny

JPL - 1998 /
/ JPL - 2001

- Version 3.0 \
Redesign/ /
Caesls / Version 4.0 \

» Separated model from control
» Add separate locomotor state Add : : :
 Share kinematic/dynamic
models with manipulation

—>| - Add concept of wheel and |
» Use generic device and data

* Designed for Rocky 7

» Used Motor class

I » Separated wheel >
control from locomotion Redesign/

* Built-in pose estimation| mature

mature

steerable wheel, Drive Cmd,
Drive Sequence

k Adapt to ATRV, Sim, / \_ logging -/
Rocky 7, Rocky 8
Future
CMU - 2002 JPL/ARC/CMU - 2004
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JdRk Collaborations
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CMU Lai Matthies Bolotin

Gly mour/ C_I_Ea!R

Ramsey Estlin/Fisher

Instr. Placement
Pedersen
New NRA Craters
Competed Tasks Cheng
OASIS
RMSA Competed Tasks Castano, Judd

U. Washington CL AR Aty Validation Tasks

Olson Inst. Placement

cMuU ] Kim
Stentz Jet Propulsion Lab >
U. Michigan Long Traverse

Borenstein NASA ARC Huntsberger

JPL Auto. Sci
nesnas | /. Survey cMU " ROAMS ) e

JPL Jain
Matthies ey U. Minnesota AN

/?Zgh Rover Infrastructure
ARG WITS Baumagartner
Backes

Dearden

MIT Manipulation Science Sim

Dubowsky Backes M. Lee
Ohio State U.

Li

March 7, 2004 LAN. 27



Software Levels of Integration

Level | - Deposited
— Code exists in CLARALty repository - all Intellectual Properties items cleared
— Compiles as a standalone application - no dependencies to other modules
— Has test programs and user documentation for getting started
Level Il - Encapsulated
— Integrated with other CLARAty modules
— Uses CLARAty components to interact with rover
— Does not support a CLARAty APloRuns on at least one robot platform
Level lll - Integrated
— Conforms to a generic CLARAty API (or parent class)
— Has no unsupported 3rd party dependencies
— Runs on all applicable rover platforms
Level IV - Refactored and Reviewed
— Software reviewed by committee to ensure internal/external consistency
— Uses all applicable CLARAty classes
— Internally conforms to CLARAty conventions and coding standards
Level + - Reused
— Re-used by other modules in CLARALty - dependent module
— Provides access to all internal data products
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JPL  Software Development Process

O ~
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S Some CLARALty Statistics

O =
About 300 modules in Repository — goal 1s to limit modules
About 500,000 lines of C++ code — revise and reduce
Five adaptations to the following rovers:
— Rocky 8, FIDO, Rocky 7
I — ATRV
— K9

* Most technology modules are at Level II and Level III
* None are at Level IV or Level V (fully compliant, documented, and formally

reviewed)
Technology Modules Only
12+
101
7]
Q2
E 8-
2
“— 6
o
2 4
£
>
-4 2-
0-
Level | Level I+ Level Il Level I+ Level Il Level lll+ LevellV Level IV+ Level V Level V+
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Dexter Manipulators
Rocky 7 Bench top

March 7, 2004 LAN. 31



JPL Summary

Use abstraction to master complexity
* Encapsulate and abstract hardware variations

* Provide multi-level access through Decision Layer for
" fault diagnosis and recovery

« Use domain expertise to guide design

e Make all assumptions explicit

« Stabilize external interfaces rapidly

* Document processes and products well

* Avoid over-generalization - define scope

* Encapsulate system specific runtime models

e Do not comprise performance - least common
denominator solutions are unacceptable in hw/sw
interactions

e Standardize Hardware

March 7, 2004 LAN.
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